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a b s t r a c t

Ethnopharmacological relevance: Many of the effective therapeutic strategies have been derived from
ethnopharmacologically used natural products. Pluchea lanceolata is an herb employed in Indian folk
medicine for malaria like fever but it lacks proper pharmacological intervention.
Aim of the study: To evaluate antimalarial and safety profile of Pluchea lanceolata: an in-vitro, in-vivo for
its ethnopharmacological validation.
Materials and methods: Methanol, butanol, ethyl acetate, chloroform, hexane extracts and its isolate,
taraxasterol acetate (TxAc) were obtained from air dried aerial part of Pluchea lanceolata. These were
tested in-vitro against chloroquine-sensitive strain of Plasmodium falciparum NF54 by measuring the
parasite specific lactate dehydrogenase activity. The most potent hexane extract and TxAc were further
validated for in-vivo antimalarial and safety evaluation. TxAc, a pentacyclic-triterpene isolated from the
most active fraction was further evaluated with special emphasis on inflammatory mediators involved in
malaria pathogenesis. Murine malaria was induced by intra-peritoneal injection of Plasmodium berghei
infected red blood cells to the male Swiss inbred mice. Mice were orally treated following Peters 4-Day
suppression test. In-vivo antimalarial efficacy was examined by evaluating the parasitaemia, percent
survival, mean survival time, blood glucose, haemoglobin and pro-inflammatory mediators involved in
malaria pathogenesis.
Results: Hexane extract and TxAc showed promising antimalarial activity in-vitro and in-vivo condition.
TxAc attributed in inhibition of the pro-inflammatory cytokines as well as afford to significant increase in
the blood glucose and haemoglobin level when compared with vehicle treated infected mice. We have
not observed the synergistic action of combinations of chloroquine and TxAc from our experimental
results. In-vitro and in-vivo safety evaluation study revealed that hexane extract is non toxic at higher
concentration.
Conclusion: Present study further validates the ancient Indian traditional knowledge and use of Pluchea
lanceolata as an antimalarial agent. Study confirms the suitability of Pluchea lanceolata as a candidate for
further studies to obtain a prototype for antimalarial medicine.

& 2013 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Malaria is still an important public health problem in many
countries of the tropical and subtropical regions of the world with
greater mortality in children and pregnant women (Snow et al.,
2005). The clinical manifestations of severe malaria are directly
correlated with the induction of strong pro-inflammatory immune
responses (Schofield and Grau, 2005). Hyperactive immune

response is one of the major contributors to cerebral malaria
vasculopathy and fatal outcome is generally attributed to the
sequestration of activated macrophages, parasitized erythrocytes,
and platelets in cerebral vessels (Hunt and Grau, 2003; Haldar
et al., 2007). Activation of macrophages is a key event in the
pathogenesis of severe malaria in both humans (Baratin et al.,
2005) and in experimental models of malaria (Pais and Chatterjee,
2005). Plasmodium berghei ANKA infection of C57BL/6 mice, is
characterized by the development of strong pro-inflammatory
immune responses, including macrophage activation and the
production of TNF-α, IL-12, IL-1β, IL-6, and nitric oxide
(Schofield and Grau, 2005). Anaemia due to the degradation of
haemoglobin (Goldberg et al., 1990) is a common feature of severe
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malaria and it has been correlated with mortality in many part of
the world especially in children and pregnant women (Boeuf et al.,
2012). The malaria parasite resides primarily within the host
erythrocyte, where it exploits host cell components to meet its
needs for life-cycle development. One of the most a predominant
and parasite-specific process that occurs during this development
is a rapid and organized degradation of the haemoglobin content
of infected cells (Rathore, 2007). Hypoglycaemia is also an inde-
pendent risk factor for death in severe malaria (Achoki et al., 2010;
Ogetii et al., 2010). Apart from the malaria parasite, hypoglycae-
mia, degradation of haemoglobin along with pro-inflammatory
cytokines are the targets for antimalarial drug discovery.

Pluchea lanceolata (DC.) Oliv. & Hiern, (Family: Asteraceae)
popularly known as Rasana is a rapidly spreading perennial rhizo-
matous weed of sandy or saline soil and distributed throughout
the north western part of India, neighbouring Asian countries and
also in North Africa (Inderjit and Dakshini, 1998). It is widely used
in the treatment of rheumatoid arthritis in Ayurveda, an Indian
System of Medicine (Anonymous, 1969). In Ayurveda, the manage-
ment of malaria considered as ‘Visham jwar’ (Gupta, 2005). Pluchea
lanceolata is a one of the ingredient of poly-herbal formulations
used to treat jwar (fever) including ‘Visham jwar’ (Chopra et al.,
1958). In Ayurveda, its use as a single herb in the form of powder
for the management of any disease is not recommended. However,
Pluchea lanceolata is one of the ingredients of more than 82 poly-
herbal formulations (Srivastava and Shanker, 2012). Isolation of
Taraxasterol from plant materials has been reported previously
(Akihisa et al., 1996) and it exhibited the chemopreventive (Ovesna
et al., 2004), analgesic and (Bahadir et al., 2010) anti-inflammatory
effect (Zhang et al., 2012). Taraxasterol acetate (TxAc), a
pentacyclic-triterpene was isolated from the most active antima-
larial hexane extract of aerial part of Pluchea lanceolata. Develop-
ment of immunomodulatory chemotherapies is an important
strategy to improve the management of patients undergoing acute
infection episodes and the recent trends of emergence of drug
resistance of various pathogens of Plasmodium species has prompt
us to develop alternative strategy to surmount this problem. In the
present study, we have evaluated the in-vitro, in-vivo antimalarial
and safety profile of Pluchea lanceolata for its ethnopharmacolo-
gical validation.

2. Materials and method

2.1. Collection of plant material

The aerial parts of Pluchea lanceolata were collected from
research farm of the Institute. The authenticity of the herb was
identified by Dr. SC Singh (Taxonomist) and a specimen was
deposited at the herbarium of the Institute voucher number
(CIMAP-12555). The aerial part was dried at room temperature
for 7 days and ground into powder.

2.2. Extraction and isolation

Air dried and fine powdered aerial part of Pluchea lanceolata
(4.5 kg) was extracted with methanol (3�7 l) to yield a crude
methanol extract (580 g). The methanol extract was concentrated,
re-suspended in water and partitioned with hexane, ethyl acetate
and butanol. Hexane extract (40 g) was applied to vacuum liquid
chromatography (VLC), using silica gel-H and hexane-ethyl acetate
as eluent. Elution with hexane, 22–53 fractions has yielded TxAc
(350 mg). A compound was identified by comparison of their
spectral data with the literature (Akihisa et al., 1996; Khalilov
et al., 2003). The scheme of extraction and VLC separation of
isolated compounds i.e., taraxasterol acetate (TxAc) from air dried

aerial part of Pluchea lanceolata has been depicted in Fig. 1S
(Supplementary data).

2.3. In vitro antiplasmodial activity

Plasmodium falciparum chloroquine-sensitive (NF-54) were
cultivated in human B+ red blood cells using RPMI-1640 medium
supplemented with 25 mM HEPES, 0.2% NaHCO3, 370 mM hypox-
anthine, 40 mg/ml gentamycin, 0.25 mg/ml fungizone, and 0.5%
albumax at 37 1C (Trager and Jensen,1976). Culture was maintained
in a standard gas mixture consisting of 1% O2, 5% CO2, 94% N2 and
culture medium was changed after every 24 h. The culture was
routinely monitored through Giemsa staining of thin smears. The
culture was synchronized by 5% D-sorbitol treatment to obtain
ring-stage parasites (Lambros and Vanderberg, 1979). The test
materials were dissolved in dimethyl sulfoxide (DMSO) and
further diluted with culture medium to achieve the required
concentrations. Parasite growth was determined spectrophotome-
trically in vehicle control (1% DMSO served as a vehicle control)
and drug-treated cultures by measuring the activity of the parasite
lactate dehydrogenase (Makler et al., 1993). Briefly, a synchronous
ring stage culture with 1.2% parasitemia and 2% hematocrit was
incubated in 96-well microtitre plate in different concentrations of
test compounds at 37 1C for 72 h. After incubation, plates were
subjected to three 20-min freeze-thaw cycles to release the cell
content, then cultures were carefully mixed and aliquots of 20 ml
were transferred to another microtitre plate containing 100 ml of
Malstat reagent (0.125% Triton X-100, 130 mM L-lactic acid, 30 mM
Tris buffer and 0.62 mM 3-acetylpyridine adenine dinucleotide; pH
9) and 25 ml of NBT-PES (1.9 mM nitro blue tetrazolium and
0.24 mM phenazine ethosulphate) solution per well. The plate
was incubated in the dark for 30 min and absorbance was
recorded at 650 nm using a microplate reader (BMG Labteck Pvt.
Ltd, Germany). The absorbance values of test compounds and
standards were converted to percentage inhibition using absor-
bance of control wells. Antiplasmodial activity of the test com-
pounds were calculated as IC50 (Concentration that inhibits 50%
growth of parasites) and expressed as mean7SEM of the three
separate experiments performed in triplicate.

2.4. In-vitro cell cytotoxicity

Cytotoxicity was carried out in macrophage cells using 3-(4,
5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium (MTT) assay as
per described by Sharma et al., 2012. Peritoneal macrophage cells
(0.5�106 cells/well) isolated from mice were suspended in RPMI
1640 medium (Sigma, USA) containing 10% heat-inactivated fetal
bovine serum (Gibco, USA) and incubated in a culture 96 well plate
at 37 1C in 5% CO2 in an incubator and left overnight to attach. Cells
treated with 1% DMSO served as a vehicle control for cell
cytotoxicity study. Extracts and TxAc were dissolved in DMSO.
Cells were treated (10, 30, 100, 300, 1000 mg/ml) and incubated for
24 h at 37 1C in 5% CO2. After incubation cells with treatment, 20 μl
aliquots of MTT solution (5 mg/ml in PBS) were added to each well
and left for 4 h. Then, the MTT containing medium was carefully
removed and the cells were solubilised in DMSO (100 ml) for
10 min. The culture plate was placed on a micro-plate reader
(Spectramax plus 384 with Softmax pro v5.3 software; Molecular
Devices, USA) and the absorbance was measured at 550 nm. The
amount of color produced is directly proportional to the number of
viable cells. Cell cytotoxicity was calculated as the percentage of
MTT absorption as follows: Percentage (%) of survival¼(mean
experimental absorbance/mean control absorbance�100).
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2.5. Acute toxicity study

Acute oral toxicity tests of the hexane extract was done at on
Swiss albino male mice. For this study, mice were administered
orally hexane extract (2000 mg/kg) body weight once considered
as test group and mice treated with corresponding volume of
vehicle (0.7% carboxymethyl cellulose[CMC];10 ml/kg body
weight) was considered control group. Mice were observed
individually, after dosing, at least once during the first 30 min,
periodically during the first 24 h and daily thereafter for a total of
7 days (Chanda et al., 2009).

2.5.1. Animals
As experimental hosts, inbred male Swiss albino mice (6–8

weeks old) weighing 18–22 g were procured from institute animal
house and acclimatized to the animal room for 5 days prior to
experiment. The mice were fed with the pellet mice feed and ad
libitum drinking water under standard environmental conditions
of 2273 1C, 12:12 dark-to-light cycle. Animal experiments were
carried out as per the approved protocol by the Institutional
Animal Ethics Committee (IAEC) followed by the Committee for
the Purpose of Control and Supervision of Experimental Animals
(CPCSEA), Government of India (Registration No: 400/01/AB/
CPCSEA).

2.5.2. In vivo antimalarial activity
Plasmodium berghei K-173 strainwas used for induction of malaria

in experimental mice. The parasites kept in liquid nitrogen were
thawed (at 37 1C) and maintained by serial passage of blood from
mouse to mouse. The infected blood was collected in heparinizated
tubes by the ocular venous sinus and diluted with isotonic saline. The
in-vivo antimalarial activity was evaluated using the method
described by Knight and Peters (1980). In this test, six mice in each
group were infected by intraperitoneal injection of 1�106 Plasmo-
dium berghei infected erythrocytes, diluted in 0.5 ml of sterile acid
citrate dextrose. One hour post infection, hexane extract (10, 30, 100,
300 mg/kg), TxAc (10,100 mg/kg) alone and in combination with
chloroquine (2.5 mg/kg) in two set of experiments were orally
administered once a day for 4 days. On day 4, tail blood was used
to make thin blood slides and parasitaemia was counted by micro-
scopic examination of Giemsa stained blood smears. Parasitaemia
was determined by counting red blood cells(RBCs) comprising of
both the parasitized RBCs and the normal RBCs. Parasitaemia was
counted on 4th, 6th, 8th, and onwards up to 28th day. Percentage of
parasitaemia was counted based on infected erythrocytes calculated
per 100 erythrocytes. Throughout the test, the general condition of
the animals in terms of behaviour and clinical signs were also
evaluated and the survival of the recovered mice was observed until
day 28. Percent suppressionwas calculated as 100[(A�B)/A], where A
is the mean percent parasitaemia of the mice taken as vehicle control
and B is the mean parasitaemia in the test group. In addition,
mortality in the mice was followed up to 28 days post infection to
evaluate the percent survival and mean survival time.

2.6. Blood glucose and haemoglobin level

The possible effect of TxAc on blood glucose, haemoglobin level
was assessed on the day 8 of post infection; the day infection was
peak in preliminary experimentation. The tail blood was collected
for estimation of glucose (Singhal et al., 2011) using glucometer
(Ascensia, Bayer) and haemoglobin estimation (Balasubramaniam
and Malathi, 1992) using standard drabkins cyanmethemoglobin
method as per the manufacturer instruction (Monozyme Ltd, India).

2.7. Quantification of inflammatory mediators using mouse
specific ELISA

The second set of experiment was performed to examine the
effect of TxAc on inflammatory mediators profile in Plasmodium
berghei-induced murine malaria. The mice were infected and
treated as per the first set of experiment (procedure mentioned
in in-vivo antimalarial study). On day 8 of post infection, the sera
from each was isolated from the blood collected from orbital
plexus and then animals were sacrificed using cervical dislocation
for isolation of whole brain from cranium cavity for quantification
of pro-inflammatory cytokines (TNF-α, IFN-γ) using mouse spe-
cific ELISA Kit (BD Biosciences, USA) following the manufacturer′s
protocol.

2.8. Statistical analysis

Results were expressed as means7SEM and analyzed using
GraphPad Prism 4. Comparisons were made between vehicle
control and treatments using by one way analysis of variance
(ANOVA) followed by Tukey′s multiple comparison tests. P value
o0.05 was considered statistically significant.

3. Results and discussion

3.1. In-vitro antiplasmodial activity

In vitro antiplasmodial activity of different extracts and isolate
(taraxasterol acetate; TxAc) from Pluchea lanceolata was tested
against chloroquine-sensitive Plasmodium falciparum NF54 strain.
Methanol, chloroform, butanol, ethyl acetate, hexane extracts and
TxAc exhibited IC50 60.470.29, 22.570.29, 4100, 770.12, 4.97
0.20 and 4.770.10 mg/ml, respectively. Artimisinin and chloro-
quine, standard anti-malarial drugs exhibited IC50 0.00677
0.00024 and 0.01570.00029, respectively. IC50’s below 5 mg/ml
were considered highly active, IC50’s between 5 and 10 mg/ml,
moderate activity and IC50’s between10 and 50 mg/ml as low
activity. The IC50 above 50 mg/ml was considered as not active.
Hexane extract and TxAc showed significant antiplasmodial activ-
ity. There are no previous reports on the antiplasmodial activity of
extracts from the aerial part of the Pluchea lanceolata. Hexane
extract exhibited highly active antiplasmodial activity against
Plasmodium falciparum NF54 strain may be due to the presence
of taraxasterol acetate.

3.2. In-vitro cytotoxicity study

In-vitro cytotoxicity of hexane extract and TxAc were carried
out in the peritoneal macrophage cells isolated from mice using
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium (MTT) assay.
The significant change in % dead cell population was not observed
(Po0.05) at any concentration of the treatment when compared
with normal cells. Results are summarized in Fig. 1.

3.3. In-vivo acute oral toxicity study

The result of the acute toxicity study showed that a single oral
administration of hexane extract (2000 mg/kg) did not produce
any mortality, behavioural changes (gait, posture, fur, depression,
panting) in the mice as compared to the control group. Similarly,
no significant changes were recorded in serum biochemical (total
bilirubin, creatinine, triglycerides, SGOT, glucose) as well as
haematology parameters (RBCs, WBCs) of the treated group when
compared to the control group.
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3.4. In-vivo antimalarial activity

Results indicated that the intraperitoneal injection of Plasmo-
dium berghei infected RBCs induced the peak parasitaemia on day
8 of post infection. Oral administration of hexane extract
(100,300 mg/kg) exhibited significant (Po0.05) inhibition of para-
sitaemia on 8 day postinfection as compared to parasitaemia
detected in vehicle treated infected control mice, it showed a
suppression of parasitaemia of 46.2671.03 and 71.2972.01%,
respectively. Similarly, TxAc (10,100 mg/kg), chloroquine (2.5,
10 mg/kg) and combination of TxAc (10 mg/kg) plus chloroquine
(2.5 mg/kg) also exhibited significant (Po0.05) inhibition of
parasitaemia on 8 day postinfection as compared to parasitaemia
detected in vehicle treated infected control mice. The representa-
tive data of percentage of parasitaemia and percentage of suppres-
sion of parasitaemia are depicted in Table 1 and the effect of TxAc
on anti-malarial activity in Plasmodium berghei-induced malaria in
mice are depicted in Fig. 2A.

The significant improvement in mortality rate was observed in
all treated group when compared to vehicle treated infected
control. The mean survival time of the mice administered vehicle
was 8.66 days whereas, hexane extract (100 and 300 mg/kg)
treated group observed 17.33 and 14 days respectively and TxAc
(10,100 mg/kg), chloroquine (2.5, 10 mg/kg), and combination of
TxAc (10 mg/kg) plus chloroquine (2.5 mg/kg) was 15.50,
16.33,17.66, Z28 and 19.33 days, respectively in Table 1. The

result of percent survival of mice treated with TxAc is depicted in
Fig. 2B.

3.5. Effect of TxAc on blood glucose and haemoglobin level

The level of glucose and haemoglobin in blood were signifi-
cantly (Po0.05) decreased in vehicle treated infected mice when
compared with normal mice (Fig. 3). Hypoglycaemia and anaemia
is the common feature of severe malaria and it has been correlated
with mortality in many part of the world especially in children and
pregnant women (Boeuf et al., 2012). The treatments of TxAc,
chloroquine and its combination are capable to restore the blood
glucose and haemoglobin level towards normal (Fig. 3).

3.6. Effect of TxAc on inflammatory cytokines

Taraxasterol, a pentacyclic-triterpene, was isolated from the
Chinese medicinal herb Taraxacum officinale has exhibited the
anti-inflammatory activity in lipopolysaccharide (LPS)-induced
RAW 264.7 murine macrophages (Zhang et al., 2012). These
findings suggested that Taraxasterol could be an interesting
potential alternative for the treatment of macrophage-mediated
inflammatory disorders. Considering these beneficial effects of
Taraxasterol, the present study investigated the effect of TxAc on
inflammatory mediators in Plasmodium berghei-induced murine
malaria. Pro-inflammatory cytokine profile in terms of TNF-α and

Table 1
In-vivo antimalarial activity of Pluchea lanceolata hexane extract and and its major
isolate taraxasterol acetate (TxAc) against Plasmodium berghei in Swiss inbred male
infected mice (day 8).

Groups Dose
(mg/kg)

Parasitaemia (%) Suppression (%) Mean survival
time (days)

Normal – NA NA NA
Vehicle control – 22.4971.87 0 8.6671.00

Hexane extract 10 19.2371.26 20.1372.31 7.5171.07
30 17.2371.56 23.4072.01 8.7170.24
100 12.0871.15n 46.2671.03 1170.50
300 6.3370.95n 71.2972.01 1470.50

TxAc 10 10.7670.58n 51.2071.23 15.8371.14
100 8.7971.18n 60.1371.90 15.8372.01

CQ 2.5 5.3670.65n 75.6971.34 17.6672.01
CQ+TxAc 2.5+10 5.0270.81n 77.237 .0.93 19.3371.85
CQ 10 0.1670.05n 99.2771.21 Z28

Data are expressed as Mean7SEM (n¼6); nPo0.05; vehicle vs treatment; NA: not
applicable. CQ: Chloroquine.

Fig. 2. Effect of taraxasterol acetate (TxAc) on anti-malarial activity in P.berghei-
induced malaria in mice. (A) Percent Parasitemia (B) Percent Survival.
Data are expressed as Mean7SEM; nPo0.05; vehicle vs treatment (Student′s
paired t test); n¼6.

Fig. 1. Cytotoxicity assay of Pluchea lanceolata hexane extract (PlHx) and its major
isolate taraxasterol acetate (TxAc) at different concentrations.
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IFN-γ was estimated from brain homogenate as well as from
serum obtained from the malaria infected mice on day 8 when the
parasitaemia was in peak. The significant increase in the level pro-
inflammatory cytokines (TNF-α and IFN-γ) in brain homogenate as
well as in serum was observed in vehicle treated infected control
mice when compared with normal mice. Significant (Po0.05)
inhibition of TNF-α and IFN-γ production was observed in treat-
ment group when compared with vehicle treated infected control
mice (Fig. 4A–D). The plant-derived extracts and compounds are
known to exert antimalarial activity by reducing parasitaemia
(Kundu et al.,2010; Mota et al., 2012) and modulating the pro-
inflammatory cytokines (Agarwal et al., 2011; Mimche et al., 2011;
Buapool et al.,2013). Severe malaria is a complex multisystem
disorder in which multiple parasite and host factors contribute to
disease severity and outcome. Nevertheless, years of studies on
malaria have progressively shown an important role for pro-
inflammatory cytokines in disease pathogenesis (Hunt and Grau,
2003). High levels of TNF-α and other pro-inflammatory cytokines
have long been associated with acute malaria episodes, including
cerebral malaria and severe malarial anaemia (Clark et al., 2006;
Xu et al., 2013).

4. Conclusion

The results of this study indicated that the oral treatment of
hexane extract of Pluchea lanceolata and its isolate, TxAc exerts an
antimalarial activity by reducing the parasitaemia, increased mean
survival time. TxAc also attributed in inhibition of the pro-
inflammatory cytokines as well as afford to significant increase
in the blood glucose and haemoglobin level when compared with
vehicle treated infected mice. We have not observed the synergis-
tic action of combinations of chloroquine (CQ) and TxAc from our
experimental results. In-vitro and in-vivo safety evaluation study
revealed that hexane extract and it isolate, TxAc are non toxic at
higher concentration. These findings further confirm the ancient

Fig. 4. Effect of taraxasterol acetate (TxAc) on inflammatory mediators day 8 post infection of Plasmodium berghei- induced malaria in mice (A) Serum TNF-α (B) Serum
IFN-γ (C) Brain homogenate TNF-α (D) Brain homogenate IFN-γ.
Data are expressed as Mean7SEM; nPo0.05; vehicle vs treatment (Student′s paired t test); n¼4.

Fig. 3. Effect of taraxasterol acetate (TxAc) on blood glucose and haemoglobin level
on day 8 post infection of Plasmodium berghei-induced malaria in mice (A) Blood
glucose (B) Blood haemoglobin.
Data are expressed as Mean7SEM; nPo0.05; vehicle vs treatment (Student′s
paired t test); n¼6.

S. Mohanty et al. / Journal of Ethnopharmacology ∎ (∎∎∎∎) ∎∎∎–∎∎∎ 5



Indian traditional knowledge and use of Pluchea lanceolata as an
antimalarial agent. Pluchea lanceolata clearly merits for further
investigation towards the management of malaria pathogenesis.

Acknowledgments

The study was financially supported by DST, Govt of India (SR/
FT/LS-85/2011). The authors are grateful to Director of the Institute
for kind support during the progress of the work. We also thank
Dr. Anirban Pal and Miss Jyoti Agrawal for their sincere scientific
guidance during experimentation.

Appendix A. Supporting information

Supplementary data associated with this article can be found in
the online version at http://dx.doi.org/10.1016/j.jep.2013.08.003.

References

Achoki, R., Opiyo, N., English, M., 2010. Management of hypoglycaemia in children
aged 0–59 months. Journal of Tropical Paediatrics 56, 227–234.

Agarwal, J., Singh, S.P., Chanda, D., Bawankule, D.U., Bhakuni, R.S., Pal, A., 2011.
Antiplasmodial activity of artecyclopentyl mether a new artemisinin derivative
and its effect on pathogenesis in Plasmodium yoelii nigeriensis infected mice.
Parasitology Research 109, 1003–1008.

Akihisa, T., Yasukawa, K., Oinuma, H., Kasahara, Y., Yamanouchi, S., Takido, M.,
Kumaki, K., Tamura, T, 1996. Triterpene alcohols from the flowers of compositae
and their anti-inflammatory effects. Phytochemistry 43, 1255–1260.

Anonymous, 1969. The Wealth of India—Raw Materials, Publications and Informa-
tion Directorate. Council of Scientific and Industrial Research (CSIR), New Delhi,
India p. 161.

Bahadir, O., Citoglu, G.S., Smejkal, K., Dall Acqua, S., Ozbek, H., Cvacka, J., Zemlicka, M.,
2010. Analgesic compounds from Scorzonera latifolia (Fisch. and Mey.) DC. Journal
of Ethnopharmacology 131, 83–87.

Balasubramaniam, P., Malathi, A., 1992. Comparative study of hemoglobin esti-
mated by Drabkin′s and Sahli′s methods. Journal Postgraduate Medicine 38,
8–9.

Baratin, M., Roetynck, S., Lepolard, C., Falk, C., Sawadogo, S., 2005. Natural killer cell
and macrophage cooperation in MyD88-dependent innate responses to Plas-
modium falciparum. Proceedings of the National Academy of Sciences USA 102,
14747–14752.

Boeuf, P.S., Loizon, S., Awandare, G.A., Tetteh, J.K., Addae, M.M., Adjei, G.O., Goka, B.,
Kurtzhals, J.A., Puijalon, O., Hviid, L., Akanmori, B.D., Behr, C., 2012. Insights into
deregulated TNF-α and IL-10 production in malaria: implications for under-
standing severe malarial anaemia. Malaria Journal 11, 253.

Buapool, D., Mongkol, N., Chantimal, J., Roytrakul, S., Srisook, E., Srisook, K., 2013.
Molecular mechanism of anti-inflammatory activity of Pluchea indica leaves in
macrophages RAW 264.7 and its action in animal models of inflammation.
Journal of Ethnopharmacology 146, 495–504.

Chanda, D., Shanker, K., Pal, A., Luqman, S., Bawankule, D.U., Mani, D., Darokar, M.P.,
2009. Safety evaluation of Trikatu, a generic Ayurvedic medicine in Charles
Foster rats. The Journal of Toxicological Sciences 34, 99–108.

Chopra, R.N., Chopra, I.C., Handa, K.L., Kapur, L.D., 1958. In: The use of drugs in
arthritis and bronchitis. Indigenous Drugs of India. UN Dhur and Sons Ltd,
Calcutta, India pp. 20.

Clark, I.A., Budd, A.C., Alleva, L.M., Cowden, W.B., 2006. Human malarial disease: a
consequence of inflammatory cytokine release. Malaria Journal 5, 85.

Goldberg, D.E., Slater, A.F., Cerami, A., Henderson, G.B., 1990. Hemoglobin degrada-
tion in the malaria parasite Plasmodium falciparum: an ordered process in a
unique organelle. Proceedings of the National Academy of Sciences USA 87,
2931–2935.

Gupta, OP, 2005. Hand Book of Ayurvedic Medicine Chaukhambha Sanskrit
Bhawan. Chowk, Varanasi, India p. 4.

Haldar, K., Murphy, S.C., Milner, D.A., Taylor, T.E., 2007. Malaria: mechanisms of
erythrocytic infection and pathological correlates of severe disease. Annual
Review Pathology 2, 217–249.

Hunt, N.H., Grau, G.E., 2003. Cytokines: accelerators and brakes in the pathogenesis
of cerebral malaria. Trends Immunology 24, 491–499.

Inderjit, Foy.C.L., Dakshini, K.M.M., 1998. Pluchea lanceolata: a noxious perennial
weed. Weed Technology 12, 190–193.

Khalilov, L.M., Khalilova, A.Z., Shakurova, E.R., Nuriev, I.F., Kachala, V.V., Shashkov, A.S.,
Dzhemilev, U.M., 2003. PMR and C-13 NMR spectra of biologically active
compounds. XII. Taraxasterol and its acetate from the aerial part of Onopordum
acanthium. Chemistry of Natural Compounds 39, 285–288.

Knight, D.J., Peters., W., 1980. The antimalarial activity of N-benzyloxydihydrotria-
zines. The activity of clociguanil (BRL 50216) against rodent malaria, and
studies on its mode of action. Annals of Tropical Medicine and Parasitology
74, 393–404.

Kundu, A., Sen, D., Chatterjee, T.K., 2010. In-vivo antimalarial study of PITC2 of
Pluchea indica (L.) less against Plasmodium berghei and Plasmodium yolli model.
Pharmacologyonline 3, 817–823.

Lambros, C., Vanderberg, J.P., 1979. Synchronization of Plasmodium falciparum
erythrocytic stages in culture. Journal of Parasitology 65, 418–420.

Makler, M.T., Ries, J.M., Williams, J.A., Bancroft, J.E., Piper, R.C., Gibbins, B.L.,
Hinrichs, D.J., 1993. Parasite lactate dehydrogenase as an assay for Plasmodium
falciparum drug sensitivity. American Journal of Tropical Medicine and Hygiene
48, 739–741.

Mimche, P.N., Taramelli, D., Vivas, L., 2011. The plant-based immunomodulator
curcumin as a potential candidate for the development of an adjunctive therapy
for cerebral malaria. Malaria Journal 10, s10.

Mota, M.L., Lobo, L.T., Galberto da Costa, J.M., Costa, L.S., Rocha, H.A., Rocha, E., Silva,
L.F., Pohlit, A.M., Andrade Neto, V.F., 2012. In vitro and in vivo antimalarial
activity of essential oils and chemical components from three medicinal plants
found in northeastern Brazil. Planta Medica 78, 658–664.

Ogetii, G.N., Akech, S., Jemutai, J., Boga, M., Kivaya, E., Fegan, G., Maitland, K., 2010.
Hypoglycaemia in severe malaria, clinical associations and relationship to
quinine dosage. BMC Infectious Diseases 10, 334.

Ovesna, Z., Vachalkova, A., Horvathova, K., 2004. Taraxasterol and beta-sitosterol:
new naturally compounds with chemoprotective/chemopreventive effects.
Neoplasma 51, 407–4142.

Pais, T.F., Chatterjee, S., 2005. Brain macrophage activation in murine cerebral
malaria precedes accumulation of leukocytes and CD8+ T cell proliferation.
Journal of Neuroimmunology 163, 73–83.

Rathore, D., 2007. Targeting parasite-mediated host hemoglobin degradation in
malaria. Drugs 10, 877–880.

Schofield, L., Grau, G.E., 2005. Immunological processes in malaria pathogenesis.
Nature Review Immunology 5, 722–735.

Sharma, S., Chattopadhyay, S.K., Yadav, D.K., Khan, F., Mohanty, S., Maurya, A,
Bawankule, DU., 2012. QSAR, docking and in vitro studies for anti-inflammatory
activity of cleomiscosin A methyl ether derivatives. European Journal of
Pharmateutical Sciences 47, 952–964.

Singhal, J., Nagaprashantha, L., Vatsyayan, R., Awasthi, S., Singhal, S.S, 2011. RLIP76,
a glutathione-conjugate transporter, plays a major role in the pathogenesis of
metabolic syndrome. PLoS One 6, e24688. (doi: 10.1371).

Snow, R.W., Guerra, C.A., Noor, A.M., Myint, H.Y., Hay, S.I., 2005. The global
distribution of clinical episodes of Plasmodium falciparum malaria. Nature
434, 214–217.

Srivastava, P., Shanker, K., 2012. Chemical and biological potential of rasayana herb
used in traditional system of medicine. Fitoterapia 83, 1371–1385.

Trager, W., Jensen, J.B., 1976. Human malaria parasites in continuous culture.
Science 193, 673–675.

Xu, L., Zheng, X., Berzins, K., Chaudhuri, A., 2013. Cytokine dysregulation associated
with malarial anaemia in Plasmodium yoelii infected mice. American Journal of
Translational Research 5, 235–245.

Zhang, X., Xiong, H., Liu, L., 2012. Effects of taraxasterol on inflammatory responses
in lipopolysaccharide-induced RAW 264.7 macrophages. Journal of Ethnophar-
macology 141, 206–211.

S. Mohanty et al. / Journal of Ethnopharmacology ∎ (∎∎∎∎) ∎∎∎–∎∎∎6

Please cite this article as: Mohanty, S., et al., Antimalarial and safety evaluation of Pluchea lanceolata (DC.) Oliv. & Hiern: In-vitro and in-
vivo study. Journal of Ethnopharmacology (2013), http://dx.doi.org/10.1016/j.jep.2013.08.003i

http://dx.doi.org/10.1016/j.jep.2013.08.003
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref1
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref1
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref2
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref2
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref2
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref2
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref3
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref3
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref3
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref4
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref4
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref4
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref5
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref5
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref5
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref6
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref6
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref6
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref7
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref7
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref7
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref7
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref8
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref8
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref8
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref8
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref8
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref8
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref9
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref9
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref9
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref9
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref10
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref10
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref10
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref11
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref11
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref12
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref12
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref12
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref12
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref13
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref13
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref14
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref14
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref14
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref15
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref15
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref16
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref16
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref17
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref17
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref17
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref17
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref18
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref18
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref18
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref18
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref19
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref19
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref19
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref20
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref20
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref21
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref21
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref21
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref21
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref22
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref22
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref22
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref23
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref23
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref23
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref23
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref24
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref24
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref24
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref25
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref25
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref25
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref26
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref26
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref26
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref27
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref27
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref28
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref28
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref29
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref29
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref29
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref29
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref30
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref30
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref30
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref31
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref31
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref31
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref32
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref32
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref33
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref33
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref34
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref34
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref34
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref35
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref35
http://refhub.elsevier.com/S0378-8741(13)00545-X/sbref35
http://dx.doi.org/10.1016/j.jep.2013.08.003
http://dx.doi.org/10.1016/j.jep.2013.08.003
http://dx.doi.org/10.1016/j.jep.2013.08.003

	Antimalarial and safety evaluation of Pluchea lanceolata (DC.) �Oliv. & Hiern: In-vitro and in-vivo study
	Introduction
	Materials and method
	Collection of plant material
	Extraction and isolation
	In vitro antiplasmodial activity
	In-vitro cell cytotoxicity
	Acute toxicity study
	Animals
	In vivo antimalarial activity

	Blood glucose and haemoglobin level
	Quantification of inflammatory mediators using mouse specific ELISA
	Statistical analysis

	Results and discussion
	In-vitro antiplasmodial activity
	In-vitro cytotoxicity study
	In-vivo acute oral toxicity study
	In-vivo antimalarial activity
	Effect of TxAc on blood glucose and haemoglobin level
	Effect of TxAc on inflammatory cytokines

	Conclusion
	Acknowledgments
	Supporting information
	References




